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1

This - invention relates to a resilient suspen~
sion or cushioning device employing rubber as a
means of resilience,

To eflectively absorb . vibrations, particularly
those of low frequency, the softest possible
mounting is desired. With such mountings, how-
ever, the movement of the mounted member may
become relatively large upon relatively smal] dis-
turbances, with the result that breaking of con-
nections between the mounted member and the
base member may occur. The use of a stop. to
limit excessive vibrations is undesirable because
of the suddenness with which it makes contact
with the mounted member. In practice there-
fore, a compromise is made, using a much stiffer
mounting than desired, which mounting is too
stiff to prevent the transmission of low frequency
vibrations but soft enough to prevent the trans-
mission of higher frequency vibrations. For
such mountings, rubber largely under compression
and shear has generally been used, even though
rubber under compression is relatively rigid.

It is an object of the present ‘invention to pro-
vide an antivibration mounting or suspension de-
vice which gives the advantages of a very light
suspension for ordinary deflections, but gradually
and without jar limits the deflection when it be-
comes excessively large,

It is another object of the present invention
to provide a vibration-absorbing mounting or
support which has a variable load deflection char-
acteristic for stress in any direction and which
gives a very high deflection per unit of load for
ordinary deflections. ) .

Other objects will be apparent from the follow-
ing description of the invention as illustrated by
the accompanying drawing, in which:

Figure 1 is a side elevational view, partly in
section, of a system comprising a mounted mem-
ber carried on a support by a vibration-absorb-
Ing and insulating mounting embodying the pres-
ent invention;

Fig. 2 is an enlarged, longitudinal sectional
view of the normally loaded mounting illustrated
in Fig. 1, showing g portion of the mounted
member;

Fig. 3 is a similar sectional view through the
Same mounting when it is in the highly loaded
state, as when the mounting is excessively strained
by excessive movement of the mounted member
in the direction of the arrow relative to the base
or mounting member, showing the major axis of
the resilient member parallel to the bearing sur-
faces of the rigid members so that greater rigidity
to further deflection is had.,
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Fig. 4 is a longitudinal sectional view of a modi-

fled form of mounting embodying the present
invention, showing a portion of the mounted
member;
- Fig. 5 is a view of the same mounting as that
of Fig. 4 except that a portion of the mounting
is in the highly loaded state due to load in the
direction of the arrow shown: and

Fig. 6 is a sectional view through a portion of
another modified form of mounting similar in
form to that of Fig. 2.

In accordance with the present invention, a
resilient member or the nonecircular section, with
one diameter or axis substantially greater than
the other, is interposed between annular bearing
surfaces (preferably substantially parallel) of
two rigid members, with its larger axis or diame-

ter at an acute angle to the bearing surfaces,

or If they are not flat at an acute angle to the
chord subtended by the arcuate bearing. surface
50 that resistance to rolling action is utilized to
obtain relatively high deflection at low loadings,
and the compressive stress required to deform the
section of the annulus is gradually utilized to ob-
tain' the relatively stronger deflections at the
higher loadings. The bearing surfaces of the
rigid members are preferably shaped to provide
annular contact with the resilient member.,
Referring more particularly to the drawings,
wherein like parts are designated by like numer=~
als of reference throughout the several views, the
mounting of the present invention may have an
outer rigid member 1 having an inner, annular
bearing surface 2, which is preferably frusto-
conical as shown, an inner rigid member 3 hav-
ing an outer, annular bearing surface 4, which is
also preferably frusto-conical and substantially
concentric with and parallel to the inner bearing
surface 2 of the outer member |, and an annulus
of resilient material 5. The annulus § has a sec-
tion of oblong shape (preferably elliptical) with
rounded end portions. One dimension of the
cross section of the annulus is preferably at least
1.5 times the other and this major axis or di-
ameter is disposed at an acute angle to the line
formed by a longitudinal sectional plane through
the bearing surfaces or to the ares subtended
thereby, so that upon movement of these bearing

surfaces more closely together, distortion or in-

side-out rolling of the annulus causes stretching
of the one peripheral portion § thereof and com-
pression ‘of the outer peripheral portion T
thereof.

The major axis or preponerant diameter 8 of
the resilient member in the normally loaded
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mounting preferably makes an angle about 20 to
60° with the line formed by a longitudinal plane
of the bearing surfaces 2 and 4, or if this line is
arcuate or curved, then the major axis or greater
dimension is molded at an angle to the chord
subtended thereby.

One rigid member is attached to the mounting
member or frame 3 and the other rigid member
& is attached to the mounted member (4. In
the case of mounted members having a rotatable
shaft, it is especially desirable to utilize two
mountings, one at each end of the mounted mem-

" per and substantially concentric with the shaft
or axis thereof, as shown.

The spacing of the rigid members under nor-
mal load is so adjusted and the proportions so
proportioned to normally permit portions of the
bearing surfaces 2 and 4 to be moved in the direc-
tions of the arrows |5 with tilting of the major
sectional diameter or axis 8 and resultant stretch-
ing of one portion 6 and compression of another
portion 1. The line joining the center of the con-

tacting areas on the bearing surfaces 2 and 4.

shifts with deflection of the mounting from A—A”
as shown in Fig. 2 to B—B’ of Fig. 3, and progres-
. sively greater contact is had between the annulus
and the bearing surfaces when the deflection is
increased. :

In the modification shown in Figs. 1 to 3, in-
clusive, the bearing surface 2 of the inner mem-
ber is frusto-conical in shape and the bearing
surface 4 of the inner member is also frusto-con-
jecal in shape and substantially concentric with
that of the bearing surface 2. -A portion 18 of
the outer member at an outer peripheral portion
of the bearing surface 2 is preferably turned over
or dished to provide a seat 1i for the elliptical
annulus 5 to facilitate assembly and prevent
slippage. The seat |1 has an annular surface at
an angle to the bearing surfaces. A locating,
annular seat 12 is also preferably provided on
the inner rigid member 3 at an inner perivheral
portion of the bearing surface 4. “The spacing be-
tween the seats 11 and 12, which may have curved
surfaces at an angle to the remainder of the
- respvective bearing surfaces, is preferably just

sufficient to provide free rolling action of the
annulrs. The annulus § is preferably molded flat
or with the major axis 8 of diaconallv opposite
_sections thereof parallel so that deflection to the
‘state illustrated in Fie. 2 gives sufficient resist-
ance to support the normal load. as shown..

In the modification shown in Figs. 4 and 5, the
numerals of reference differ by twenty digits from
those of corresponding elements of Figs, 1 to 3,
inclusive. 'The inner and outer rigid members
21 and 23 have inner and outer bearing surfaces
22 and 24, respectively, which are coaxial and
which are evlindrical in shave. Seats 3( and 32,
which are disposed along a peripheral edee region
of the inner and outer bearing surfaces 22 and 24,
respectivelv, like the seats i1 and 12 of the earlier
deseribed modification have surfaces forming an
angle of less than 160°, and preferably between
60 and 150°, with the longitudinal lines in the
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T §
of the arrow Il,/ f Fig. 3 causes tiiting of the
major axis of the resilient member and a partial
rolling of the resilient member in an inside-out
manner (i. e. about its own sectional center).
Thrust in a direction at right angles to the arrow
46 and toward the frame 33 will it is seen also
cause both compression and a partial rolling of
the resilient member.

The modification shown in Fig. 6 corresponds
closely with that shown in Figs. 1 to 3 and like
parts are numbered identically. In the meodi-

- fication of Fig. 6, however, means such as an
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adhesive film is provided for adhering the re-
silient annulus § to at least one and preferably
both of the rigid members | and 3. A layer of
suitable heat-softenable, resin base composition
or rubber-to-metal adhesive 41 may, for example,
be disposed between the separately cured rubber
annulus § and the bearing surface 2, or pref-
erably the seat portion Il thereof. Similarly, a
layer of heat-softenable adhesive 40 may be dis-
posed between-the inner bearing surface &, pref-
erably only the seat portion 12 thereof, and the
inner peripheral portion 6 of the annulus 5§ prior
to assembly of the components of the mounting,
After assembly, the parts may be adhered to-
gether by simply heating the assembled mount-
ing in sufficiently short time to soften the ad-
hesive layers 40 and 41. The adhesive between
the outer and inner peripheral portions of the
resilient member 5 may be ‘any of the numerous
rubber-to-metal adhesives for adhering vulcan-

. ized rubber to metal. Adhesive means which may
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be used are more fully described in the copend-
ing application of John H. Kelly, Jr. and Rosalind
M. Glassco, Serial No. 587,356, now Patent No.
2,572,160, or in the copending avplication of
Gilbert H. Swart, Serial No. 587,384, now Patent.
No. 2.572.215. Both applications were filed April
9, 1945 and are assigned to the assignee of the
present application. Any suitable means may
be used for obtainine adhesion between limited
annular portions in the region of the inner and
outer peripheral portions 6 and 7, respectively,
and the bearing surfaces 2 and 4 against which
these portions normally bear. It will be seen
in reference to Fig. 6 that loading of the mount-

- ing to cause movement of the bearing surfaces 2

60
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remainder of the respective bearing surfaces, or .

with the chord subtended bv such lines. The
seats 31 and 32 function like the seats {{ and 12
of the modification shown in Pigs. 1 to 3. .

The mafor axis of the oblong section of the
resilient member 25 is disvosed in a normelly
loaded mountine at an acute. angle to the bear-
ing surfaces 22 and 24. which again are prefer-
ably substantially parallel. Thrust in the direc-
tion ¢f the arrow 46 like thrust in the direction

70

and 4 more closely together causes a combination
of rolling of the annulus in an inside-out (or
outside-in) manner, and stretchine of part of the
surface of the annulus 5, with the result that
exceptional characteristics for vibration-absorp-

" tion are obtained in the mounting. .

The mountings of the present invention have
relativelv large and relatively free initial move-
ment and their load deflection characteristics are
gradually stiffened by greater and greater con-
tact of the resilient member wifh the bearing
surfaces 2 and 4, so that after the position illus-
trated by Fig. 8 is reached, strain due to load in
the direction of the arrow {6 is comparatively:
small. .

It is also apparent that modifications of the
invention may be made -without changing the
spirit thereof, and it is intended- that the inven-
tion be limited only by the appended claims.,

What I claim is: o -

1. A mounting of the type adapted to be inter-
posed between two relatively movable members
to support the same and prevent vibrations being
transmitted from one to the other, comprising
rigid bearing surfaces, one of which is adapted
to be connected to each of said relatively movable

75 members, an annulus of resilient material hav-
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ing a noncircular cross section and having one
sectional ' axis substantially greater than the
other and disposed between said bearing sur-
faces to prevent contact therebetween, the major
sectional axis of said annulus forming an acute
-angle with said bearing surfaces, said annulus
and said bearing surfaces being dimensioned so
that said resilient annulus bears against annular
portions of each of said bearing surfaces, whereby
when such surfaces are moved towards each other
the major sectional diameter of said resilient
member is tilted first to a more acute angle rela-
tive to sald bearing surfaces so as to be substan-
tially parallel therewith and the load deflection
characteristics of the mounting have a relatively
low slope for small loads and s relatively high
slope for high loads. :

2. A vibration-insulating mounting comprising
an outer rigid member having an inner, gener-
ally frusto-conical bearing surface, an inner rigid
member having an outer, generally frusto-conical
bearing surface disposed so that lines cut by a
longitudinal axial plane through said bearing sur-
faces are generally substantially parallel, and a
resilient annulus having an oblong section with
one diameter greater than the other, said resilient
annulus being disposed between said bearing sur-
faces of said inner and outer rigld members with
the major diameter at an acute angle to said
bearing surfaces, whereby upon movement of said
bearing surfaces more closely together said an-
nulus is first partially rotated about its own cen-
ber of section to provide greater contact between
sald ennulus and said bearing surfaces, and then
compressed between said bearing surfaces.

3. A vibration-insulating mounting comprising
an ouier rigld member having an inner, generally
frusto-conical bearing surface, an inner rigid
member having an outer, generally frusto-conical
hearing surface disposed substantially concentric
with said inner bearing surface, and a resilient
annulus having an oblong section with one di-
aineter greater than the other, said resilient an-
nulus being separately cured and being disposed
between sald bearing surfaces of said inner and
outer rigid members with the major diameter at
an acute angle to said bearing surfaces, whereby
upon movement of said bearing surfaces more
closely together said annulus is first partially ro~
tated about its own center of section to provide
increased area of contact between said bearing
surfaces and said annulus, and then compressed
between said bearing surfaces.

4. A vibration-absorbing support comprising

inner and outer rigid members and a resilient

annulus disposed between said members, said
outer rigid member having an inner conical sur-
" face and being adapted to be secured to one of two
relatively movable members, said inner rigid
member having a conical outer surface being
adapted to be secured to the other of said rela-
tively movable members, said annulus having an
oblong section with rounded end portions and
having opposite sides respectively bearing against
portions of said bearing surface of said inner and
outer rigid members, the major sectional axis
of sald resilient member being disposed at an
acute angle to the line formed by the intersection
of a longitudinal axial plane through said bear-
ing surface so that upon movement of said bear-
ing surfaces axially towards each other partial ro-
tation of said annulus in an inside-out manner
oceurs.

§. A vibration-absorbing mounting comprising
an outer rigid member having an outer, generally

cylindrieal bearing surface, an inner rigid mem-
ber having an outer, generally cylindrical bear-
ing surface, and a resilient annulus of oblong sec- .
tion with rounded end portions, said annulus
being disposed between said bearing surfaces with

. & major axis thereof at an acute angle relative
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thereto, the parts being proportioned so that said
annulus bears against each of said bearing sux-
faces, whereby upon deflection of said bearing
surfaces relative to each other a rotation of said
annulus about its own center of section first oc-
curs to provide relatively great deflection per unit
of load for small loads and compression of more
and more of said annulus between portions of
said bearing surfaces progressively occurs at
larger loads to provide relatively small deflection
per unit of load at higher loadings.

6. The mounting of claim 3 having an edge por-
tion of said bearing surface of said outer member
curved to provide a retaining seat for said an-
nulus.

7. The mounting of claim 3 having an edge .
portion of said bearing surface of said inner mem-
ber curved to provide a retaining seat for said
annulus. :

8. The mount.ng of claim 3 having the edge
portions of each of said bearing surfaces curved
to provide seats for retaining said resillent an-
nulus in assembled position.

9. A mounting according to claim 3 having
means for adhering said resilient annulus to the
bearing surface of said outer member in only the
region of normal contact.

10. The mounting of claim o nuving means for
adhering said resilient annulus to only a portion
of the bearing surfaces of said inner and outer
rigid members, the parts being dimensioned rela-
tive to each other so that upon greater defiection
of the mounting by moving said bearing surfaces
of the inner and outer rigid members toward each
other greater contact is secured between said an-
nulus and said bearing surfaces by rotation of
said annulus. :

11. The combination, with a mounting member
and a mounted member having a shaft axis and
parts adapted for rotation thereabout, of a
mounting having a rigid member with an annu-
lar, inner, tapered bearing surface substantially
concentric with said shaft axis, an inner rigid
member having an outer, rigid, tapered bearing
surface also substantially concentric with said
shaft axis, and a resilient annulus of oblong sec-
tion with rounded end portions disposed between
and bearing against each of said bearing sur-
faces, the major axis of said resilient member
being disposed at an acute angle relative to said
bearing surfaces, one of said rigid members being
attached to said mounted member and the other
of said rigid members being attached to said
mounting member, whereby axial movement of
said rigid members causes rotation of said re-
silent annulus about its center of section.

12. The combination, with g mounting mem-
ber and a mounted member having a shaft axis
and parts adapted for rotation thereabout, of
resilient mountings disposed at each end of said
mounted member, each of said mountings having
8 rigid member with an annular, inner, tapered
hearing surface substantially concentric with said
shaft axis, an inner rigid member having an
outer, rigid, tapered bearing surface also sub-
stantially concentric with said shaft axis, and a
resilient annulus of oblong section with rounded
end portions disposed between and = bearing
against each of said bearing surfaces, the magjor
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axis of said resilient member being disposed at
an acute angle relative to said bearing surfaces,
one of said rigid members being attached to sald
mounted member and the other of said rigid

_members being attached to said mounting mem-
ber, the mountings at opposite ends of sald
mounted member being disposed so that the taper
is opposite, whereby axial movements of said
rigid members causes rotation of said resilient
annulus in an inside-out direction, that is, about
a circumferential axis that passes through all
transverse sections of said annulus. ’

13. The combination, with a mounting member
and a mounted member having a shaft axis and
parts' adapted for rotation thereabout, of a
mounting having a rigid member with an-annu-
1ar, inner bearing surface substantially concen-
tric with said shaft axis, an inner rigid member

having an outer, rigid bearing surface also sub-

stantially concentric with said shaft axis, and a
resilient annulus of oblong section with rounded

end portions disposed between and bearing
against each of said bearing surfaces, the major,

axis of said. resilient member being disposed at
an acute angle relative to said bearing surfaces,
one of said rigid members being attached to said
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‘mounted member and the othér of sald rigid

members being attached to said mounting mem-
ber, whereby axial movement of said rigid mem-

‘bers causes rotation of sald resilient annulus in .

an inside-out direction, that is, about a circum-

ferential axis that passes through all-transverse

sections of said annulus. C _
JOHN R. BENNETT.
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